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downstream analysis. Secondary QC cutoffs were then applied to retain only cells with less than 30% ribosomal genes, 15% mitochondrial
genes, greater than 600 genes but less than double the median gene count, and greater than 500 UMI but less than double the median UMI
count.

Cells passing QC were then merged according to mouse of origin (e.g. TREM2 WT and KO microglia from the same 5x-MITRG mouse) using
Seurat’s ‘merge’ function and data were processed using Seurat’s wrapper for the ‘sctransform’ R package73, while regressing out library size
differences, percent ribosomal genes, and percent mitochondrial genes. PCA was then performed using the top 1,000 variable genes after
removing ribosomal and mitochondrial genes from the lists (WT: 930 genes; 5X: 968 genes). For xMGs isolated from MITRG mice, a shared
nearest neighbor (SNN) plot was generated using Seurat’s ‘FindNeighbors’ function using PCs 1:20 as input, clustering was performed using
the ‘FindClusters’ function and a resolution parameter of 0.5, and dimension reduction was performed using the ‘RunUMAP’ function with the
same PCs used for generating the SNN plot. xMGs isolated from the 5X-MITRG mouse were processed similarly, using PCs 1:14 and a
resolution parameter of 0.3. Differentially expressed genes were determined between clusters using the ‘FindAllMarkers’ function, which
employs a Wilcoxon Rank Sum Test, with and FDR cutoff of 0.01, an LFC cutoff of 0.25, and the requirement that the gene be expressed in at
least 10% of the cluster.

Information regarding the QC cutoffs and clustering parameters used in this analysis can be found in Supplemental Table 5.

scRNA-seq Differential Proportion Analysis. Cluster proportion tables for each sample were determined for both the MITRG and 5x-MITRG
scRNA-seq datasets (Figure 6 a,b; Supplemental Table 5). Differential proportion analysis was then performed using the source code and
techniques described by Farbehi et al. (PMID: 30912746). In short, a null distribution was generated for each cluster using the generateNULL()
function with the number of permutations (n) set to 100,000 and the proportion of cells to be sampled (p) ranging from 0.05 to 0.3 by
increments of 0.05. Actual cluster proportions were then compared to the null distributions and p-values were generated using the
two.class.test() function.

Optimal parameters were determined by performing DPA on the clusters in MITRG mice and selecting the proportion parameter where no
significance was observed for any cluster at a p-value less than or equal to 0.05 (Supplemental Table 5). The proportion value of 0.15 and a p-
value cutoff of 0.05 was then applied to the 5x-MITRG analysis.

The datasets generated and analyzed in this study are available through GEO (bulk sequencing: GSE157652

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE157652; single-cell sequencing: GSE158234 https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE158234). Source data are provided in a Source Data File for all western blots (Figure 1a, 1g, supplemental Figure 2). Flow cytometry gating schema are
provided in Source Data File (Figure 5b, 6c). Primers are provided in Supplementary Table 7. Any additional data presented in this paper is available from the
corresponding author upon request.

Power analysis based on previous pilot studies informed sample sizes used for mouse studies, phagocytosis studies, calcium studies, flow
cytometry, and migration (unpublished data from our lab). For RNA-sequencing, we have validated all pipelines with n=4 sample size in
Hasselmann et al. Neuron 2019.

No data was excluded

When possible, three isogenic sets were used to replicate experiments. It is noted in the text when this was not possible due to endogenous
GFP fluorescence in one of the lines. Data reproduction was successful in all lines. The extent of effect of phagocytosis alterations varied
between lines due to variable WT baseline levels of phagocytosis. The median line is represented in the manuscript. In vivo transplantation
experiments were not replicated, however, data was reproduced in small pilot experiments using the same patient background.

Allocation of mice was done at random by a lab technician. For all in vitro experiments, separate wells of differentiation were chosen at
random as well.

Investigators were blinded for all immunofluorescent imaging and analysis. Investigators were blinded to the hypothesis during calcium
imaging and migration experiments. Phagocytosis and cell survival experiments were analyzed using pre-established incucyte software
pipelines and thus allow for no user-bias. Western blot, HTRF, and flow cytometry experiments were not blinded.
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Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

anti-GFP (1:500; Millipore Ab16901), anti-TagRFP (1:10,000; Kerafast EMU113), anti-Ku80 (1:250; Abcam ab79220), mounted with
Fluoromount-G (SouthernBiotech). Additional samples were stained in anti-CXCR4 (1:100; MAB172 Clone 44716, R&D Systems), anti-
CD9 (1:200; 312102, Biolegend), anti-HLA-DRB1 (1:200; 14-9956-82, Invitrogen), Goat Anti-Mouse (Millipore, AP308P; 1:10,000) or -
Rabbit (Millipore, 12-348; 1:10,000) HRP conjugate, GAPDH (47724 Sigma, 1:5,000), Anti-P-SYK Cell signaling 2710 (1:1,000) anti-SYK
Cell Signaling 13198 (1:2,000) anti-GAPDH (47724 Santa Cruz 1:5,000) , HRP-conjugated secondary antibody (115-035-146 Jackson
Immunoresearch, 1:10,000), anti-APOE (803301, Biolegend, 1:1000)

anti-TREM2 antibodies are validated within our dataset on knockout controls. anti-Ku-80 antibody is validated in our dataset by co-
staining with human specific antibodies, anti-GFP was validated for ICC and western blot by Millipore (https://
www.emdmillipore.com/US/en/product/Anti-Green-Fluorescent-Protein-Antibody,MM_NF-AB16901). These antibodies were also
used in Hasselmann et al. Neuron 2019. anti-CXCR4 is validated by immunohistochemistry and flow cytometry with unpublished data
from Dr. Matthew Inlay's lab, anti-CD9 anti-HLA-DRB1 were validated for immunofluorescence and flow cytometry by publication in
Hasselmann et al. Neuron 2019. anti-TagRFP was validated in non-fixed tissue to enhance staining in RFP positive cells.

SYK and pSYK were validated by CellSignaling and used in 23 and 74 publications respectively (https://www.cellsignal.com/products/
primary-antibodies/syk-d3z1e-xp-rabbit-mab/13198) (https://www.cellsignal.com/products/primary-antibodies/phospho-syk-
tyr525-526-c87c1-rabbit-mab/2710). Anti-GAPDH was validated in Marsh et al. PNAS 2016. anti-APOE was validated by Biolegend for
western blot (https://www.biolegend.com/ja-jp/products/purified-anti-apo-e-antibody-11264) and confirmed previously to overlap
with fluorescent signal from HEK293-T cells by Dr. Joan Steffan's lab.

Human iPSC cell lines were generated by the University of California, Irvine Alzheimer’s Disease Research Center (UCI ADRC)
Induced Pluripotent Stem Cell Core from subject fibroblasts under approved Institutional Review Boards (IRB) and human
Stem Cell Research Oversight (hSCRO) committee protocols.

SCC008 ReNcell® VM Human Neural Progenitor Cell LIne (https://www.emdmillipore.com/US/en/product/ReNcell-VM-
Human-Neural-Progenitor-Cell-LIne,MM_NF-SCC008) was differentiated with SCR131 Human iPSC Derived Neural Progenitor
Kit(Human iPSC Derived Neural Progenitor Kit)

293T (ATCC® CRL-3216™) HEK293T cells (https://www.atcc.org/products/all/crl-3216.aspx)

The core uses non-integrating Sendai virus to perform al reprogramming thereby avoiding any integration-induced effects. G-
banding karyotyping is performed for all iPSC lines every 10 passages by WiCell cytogenetics and only lines with normal and
stable karyotypes are used. To assess pluripotency, all lines are examined by Pluritest, which compares pluripotentcy and
differentiation associated gene expression to a matrix of over 13,000 pluripotent cell lines. To avoid the potential selection of
latent or hidden infections all iPSC culturing and microglia differentiation and experimentation is performed without the use
of antibiotics.

For CRISPR knockout, we use Cas9 protein we can greatly reduce off-target effects as the protein is degraded more rapidly
than plasmid or virally-delivered Cas9. However, off target effects can still occur in genes that exhibit a high degree of
homology to the guide RNA. To reduce this possibility, guide RNAs are designed using off-target prediction tools including the
CRISPR design tool that is publicly available from the Broad Institute. In addition, we examined promising clones via PCR and
sequencing the loci of the top four predicted off-target sites to confirm that no off-targeting has occurred before pursuing
the reported experiments.

Other cell lines were not authenticated.
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Methodology

Sample preparation

Cell lines are tested monthly for mycoplasma and were determined to be negative.

No commonly misidentified lines were used.

The MITRG mouse was purchased from Jackson Laboratories (stock #017711); this BALB/c/129 model includes two knockouts alleles,
Rag2- (Rag2tm1.1Flv), !c- (Il2rgtm1.1Flv), and three humanized knock-in alleles, M-CSFh (Csf1tm1(CSF1)Flv), IL-3/GM-CSFh (Csf2/
Il3tm1.1(CSF2,IL3)Flv), TPOh (Thpotm1.1(TPO)Flv). The related and parental M-CSFh mouse line was also purchased form Jackson
Laboratories (stock # 017708) and contains Rag2 and Il2rg deletions and humanized M-CSFh. The 5xFAD-MITRG model was created
by backcrossing the MITRG mouse with 5xFAD mice which overexpress co-integrated transgenes for Familial Alzheimer's Disease
(FAD) mutant APP (Swedish, Florida, and London) and mutant FAD PS1 (M146L and L286V). Progeny of these pairings were then
genotyped and backcrossed with MITRG mice to return the 5 MITRG genes to homozygosity and maintain the APP/PS1 transgenic loci
in the hemizygous state, resulting in the 5xfAD-MITRG model (Rag2-; !c-; M-CSFh; IL-3/GM-CSFh; TPOh; Tg
(APPSwFlLon,PSEN1*M146L*L286V)6799Vas). All mice were age and sex matched and group housed on a 12h/12h light/dark cycle
with food and water ad libitum. Mice are housed with ambient temperature and humidity. Mice were cared for from postnatal day 1
to 6 months of age. All animals presented in the manuscript are 6 mo old male.

No wild animals used.

No field animals used.

All animal procedures were conducted in accordance with the guidelines set forth by the National Institutes of Health and the
University of California, Irvine (UCI) Institutional Animal Care and Use Committee (IACUC: AUP-17-162) who approved the study.

Only one patient sample was used. Age: 92, Male, end-stage AD, PMI: 5.5 hr

Participants enrolled at the UCI Alzheimer’s Disease Research Center (ADRC) are eligible for autopsy study. AD Patients from
the ADRC core. (https://www.mind.uci.edu/adrc/neuropathology-core/) (https://www.mind.uci.edu/research-studies/brain-
donation/)

Ethics oversight was approved independently by the Alzheimer's Disease Research Center (ADRC) at the University of
California, Irvine (UCI).

Tissue dissociation flow cytometry. Following perfusion with ice cold 1X DPBS containing 5 "g/ml actinomycin D, half brains
were dissected, and the cerebellum was removed. Tissue was briefly stored on ice in RPMI 1640 containing 5 "g/mL
actinomycin D, 10 uM triptolide, and 27.1 ug/mL anisomycin until subsequent perfusions were completed. Tissue dissociation
was then performed utilizing the Tumor Dissociation kit, human (Miltenyi) and the gentleMACS Octo Dissociator with Heaters
(Miltenyi) according to manufacturer guidelines with modifications. Briefly, tissue was cut into ~1 mm3 pieces and placed
into the C-tubes with the kit’s enzymes, 5 "g/mL actinomycin D, 10 "M triptolide, and 27.1 "g/mL anisomycin and samples
were dissociated using the preprogrammed protocol. Following enzymatic digestion, samples were strained through a 70 um
filter and pelleted by centrifugation. Myelin and debris were removed by resuspending the pellet in 8mL 23% Percoll, overlaid
with 2 mL of 1X DPBS, spinning at 400 x G for 25 minutes at 4°C, with acceleration and brake set to 0, and discarding the
myelin band and supernatant.

Microglia were treated with FC block (1:100; BD Biosciences 553142) 5 min in FACS buffer (DPBS, 2% BSA, 50 "M EGTA)
before adding live/dead stain (1:100; Biolegend 423113), CD9-APC (1:100; Biolegend 312108) or CXCR4-APC (1:50; Biolegend




